We present the physical properties of the eclipsing binary V2281 Cyg which shows a light-time effect due to a supposed tertiary component from its eclipse timing variation according to the Kepler observations. The high-resolution spectra and BV R photometric data of the system were obtained at Bohyunsan Optical Astronomy Observatory and Mount Lemmon Optical Astronomy Observatory, respectively. To determine the fundamental parameters of the eclipsing pair and its circumbinary object, we simultaneously analyzed the radial velocities, light curves, and eclipse times including the Kepler data. The masses and radii for the primary and secondary stars were determined with accuracy levels of approximately 2% and 1%, respectively, as follows: M 1 = 1.61 ± 0.04 M and M 2 = 1.60 ± 0.04 M , R 1 = 1.94 ± 0.02 R and R 2 = 1.93 ± 0.02 R . If its orbit is coplanar with the eclipsing binary, the period and semi-major axis of the third body were calculated to be P 3b = 4.1 years and a 3b = 4.06 au, respectively, and its mass is M 3b = 0.75 M . The evolutionary state of the system was investigated by comparing the masses and radii with theoretical models. The results demonstrate that V2281 Cyg is a detached eclipsing binary which consists of twin main-sequence stars with an age of 1.5 Gyr.
Introduction
The Kepler mission (Borucki et al. 2010 ) provides exquisitely precise and continuous photometric data unaffected by atmospheric effects. Though the main goal of the mission is to search for habitable planets using the transit method, numerous pulsating stars and eclipsing binaries have also been observed during its mission. Many pulsating stars such as δ Sct and γ Dor types in eclipsing binary systems have been investigated from the Kepler light curves (LCs) (Southworth et al. 2011; Lee et al. 2014; Guo et al. 2016 ). Moreover, orbital period studies based on long and continuous photometry provide the opportunity to detect additional objects orbiting binary systems. In total, 2878 eclipsing binaries have been observed in the Kepler main field (Kirk et al. 2016) , and Borkovits et al. (2016) identified 222 systems showing a light-travel-time effect, which may stem from the existence of a third body.
Binary systems serve as astrophysical laboratories because they allow us to deduce the properties of stars more accurately than we can with single stars. The fundamental parameters (mass and radius) of each component star can be determined precisely and directly using double-lined spectroscopic data and photometric time-series observations. Detached eclipsing binaries with accuracy levels within a few percent are very important objects as distance indicators, calibrators of other astrophysical scaling relationships, and tracers for binary evolutionary processes (Southworth 2015) . Because the Kepler LCs are highly precise, more accurate physical parameters can be determined from simultaneous analyses with other observational data. Many Kepler eclipsing binaries have been studied together with spectroscopic observations to determine their fundamental properties and evolutionary statuses.
V2281 Cyg (RA=19. h 25. m 06. s 90, Dec=+45 • 56 03 ; KIC 9402652; K p =11.82; V =12.11; B − V =+0.44) was mentioned as an Algol-type eclipsing binary with an orbital period of P = 1.073 days by Diethelm (2001) . The object is considered an eclipsing binary candidate containing a third component in the Kepler data. The times of minimum light of the system showed four-year sinusoidal variations and a hierarchical third object was expected (Gies et al. 2015; Zasche et al. 2015; Borkovits et al. 2016 ). In the Kepler LC, the primary and secondary eclipse depths are very similar, indicating that the two components have nearly identical temperatures and luminosities (Zasche et al. 2015) .
Previous studies of V2281 Cyg were conducted with only single-band photometric data from the Kepler mission and concentrated on period variations. In this paper, we present accurate physical parameters from simultaneous analyses of our multi-band LCs and radial velocities (RVs) with the Kepler LC and timing data. Section 2 describes BV RK p photometric and spectroscopic observations, and the spectroscopic analyses are presented in section 3. The binary synthesis and its absolute parameters are provided in section 4. The summary and discussions are given in section 5.
Observations and Reductions
2.1. Kepler Photometry V2281 Cyg was observed by the Kepler satellite from 2009 to 2013. Long-cadence observations of 29.42-min sampling were obtained during Quarters 0 to 17. The contamination level of the observations is estimated to be 0.012, where a value of 0 implies no contamination and 1 implies all background. We used the Simple Aperture Photometry (SAP) output by the Kepler data processing pipeline 1 . Since the entire data set has many systematic jumps and trends, we split the whole LC into 50 subsets based on the jumps and applied second or third order polynomial fits to the out-of-eclipse envelope ( 0.15 < phase < 0.35 and 0.65 < phase < 0.85 ) of each segment. Some points that deviated by more than 5-sigma from light curve pattern were removed from the LC. Finally, the fluxes were normalized to unity and the de-trended LC is displayed in Figure 1 .
Ground-based Photometry and Spectroscopy
New photometric observations for V2281 Cyg were performed using an ARC 4k CCD camera attached to a 1.0-m telescope at LOAO (Mount Lemmon Optical Astronomy Observatory) in Arizona, USA. Lee et al. (2012) had described the information about the detector and the telescope. 1015 V -band observations to measure the primary eclipsing times were performed in two nights in 2014. A total of 1961 sets of BV R images were observed during 8 nights in 2015. We did not observed standard stars because there are many stars in the observing field. The observation logs are listed in Table 1 . Bias subtraction and flat field were applied to the observed images for each night.
Because the light variations of the binary star could be affected by the presence of a neighboring star with separation of about 10 arcsec on the east-southern side, we performed a PSFfitting photometry on the observed images using the IRAF/DAOPHOT package. GSC 03543-01496 (K p =12.94; V =13.03; B−V =+0.79) was selected as a comparison star, with no brightness variation was detected against measurements of the nearby monitoring stars. Because we did not observed any standard field for photometric calibration, we tried to standardize all stars in the observed field using the photometric catalogue APASS DR9 (Henden et al. 2016) . Since APASS catalogue has no R magnitudes, we transformed the SDSS system to standard R magnitudes using the equation of Jester et al. (2005) . Then, an ensemble normalization (Gilliland & Brown 1988 ) was applied to obtain the standard magnitudes for our BV R photometric data. This technique can correct the effects of a color term and x, y positions. We used about 100 stars for the calibration standards. Table 2 lists the standard V and color indices of (B − V ) and (V − R) for four characteristic phases.
Spectroscopic observations were carried out to measure the RVs and the effective temperatures of both components. A total of 40 high-resolution spectra of V2281 Cyg were obtained in 2015 using the fiber-fed spectrograph BOES (Bohyunsan Optical Echelle Spectrograph; Kim et al. 2007) attached to the 1.8-m reflector at BOAO (Bohyunsan Optical Astronomy Observatory) in Korea. The BOES spectra covered a wavelength region from 3500 to 10500Å. Because our program target is so faint to obtain spectra with high signal-to-noise ratio (SNR), the 2 × 2 binning mode and the largest fiber with a diameter of 300 µm having a resolving power of R = 30,000 were selected. The exposure time was set to be 30 minutes, which corresponds to 2 per cent of the orbital period to prevent orbital smearing. ThAr and THL images were also obtained for line identification and blaze function calibration every night. Cosmic ray removal by Pych (2004) was applied to the observed images. Aperture extraction and flat fielding were utilized with the IRAF/ECHELLE package, and the SNR of the spectra at the region of ∼5500Å was around 25. Figure 2 shows the trailed spectra of the H α region for V2281 Cyg, where one can identify the orbital motions of both components easily.
SPECTRAL ANALYSIS
The RVs of each component for V2281 Cyg were obtained from the cross-correlation functions (CCFs) calculated with the xcsao task of the RVSAO package in the IRAF. During this process, we used a template spectrum, a synthetic model of T eff = 6300 K, vsini = 90 km s −1 , log g = 4.0, and [M/H] = 0.5 as obtained in this and discussion sections. The CCFs were applied to the Mg I Triplet (5167, 5173 and 5184Å) region of each observed spectrum. Because the observed spectra have signals from primary and secondary stars, there were two peaks in the CCFs. We performed the Gaussian fits on the peaks with MPFIT (Markwardt 2009 ). The RV errors were calculated using the equation of Kurtz & Mink (1998) . Only 34 RVs were determined for both components because remained 6 spectra were too blended to separate the RVs. The RVs and their errors are listed in Table 3 .
To obtain each spectra of the primary and secondary stars for determination of the effective temperatures and rotational velocities, we attempted to disentangle the observed spectrum using the FDBinary 2 code of Ilijic et al. (2004) . We selected 14 spectra of hydrogen lines (H α , H β , H γ , and H δ ) and Mg II 4481Å absorption line regions with relatively high SNR of different phases except near the eclipses. In the runs, the orbital period and RV amplitudes of both components were fixed to be P = 1.073167 days, K 1 = 151 km s −1 , and K 2 = 152 km s −1 based on the binary modeling results in the following section. The light factors were set to 0.5 because the depths of primary and secondary minima were almost same. Slettebak et al. (1975) measured the rotational velocities of A-F type stars using the full-widths at the half intensity (FWHM) of the Mg II 4481Å absorption line. We measured the FWHMs of the lines for both stars, and the rotational velocities were determined to be v 1 sini = 80 ± 10 km s −1 and v 2 sini = 85 ± 10 km s −1 , respectively, from the linear fit and the scatters of the measurements by Slettebak et al. (1975) .
For measuring the effective temperatures of the two components, we applied iSpec (the integrated spectroscopic framework; Blanco-Cuaresma et al. 2014) to the disentangled spectra of four hydrogen line regions. In this process, we adopted MARCS model atmospheres (Gustafsson et al. 2008 ) and rotational velocity of 90 km s −1 . The metallicity was assumed as [M/H] = 0.5 deduced in the discussion section via evolutionary model fitting. The effective temperatures were calculated from minimizing the difference between observed and synthetic spectra. Averaged effective temperatures with standard deviations of the primary and secondary stars were determined to be T eff,1 = 6355 ± 180 K and T eff,2 = 6265 ± 200 K, respectively. Figure 3 displays the disentangled hydrogen absorption lines of both components with the synthetic spectra of T eff = 5800, 6300, and 6800 K.
Binary Modeling and Absolute Dimensions
To determine the binary parameters of V2281 Cyg, our double-lined RVs, BV R and Kepler LCs, and the eclipse timings were analyzed using the 2015 version of the Wilson-Devinney synthesis code (Wilson & Devinney 1971; Wilson & Van Hamme 2014, hereafter W-D) . The times of all observations were transformed from JD based on UTC into TDB-based BJD using the online applets 3 by Eastman et al. (2010) . As shown in Figure 4 , the depths of the primary and secondary minima are very similar to each other, which indicates that the two components have nearly identical temperatures and luminosities. To examine the period variation due to the third body suggested by previous investigators, we obtained seven times of minimum light from our photometric data by applying the method of Kwee & van Woerden (1956) which can determine the time and error in the symmetric light curve. Minimum time and their errors for BV R filters were calculated by applying the error-weighted mean and errors, and they are listed in Table 4 . In the Table, Min I and II indicate primary and secondary minima, respectively. A total of 2626 minimum times for this system were compiled by Zasche et al. (2015) from the previous observations including the Kepler and their own data. However, we selected only 2543 minimum times from the Kepler observations to ours for analyses because the earlier data contains a large scatter.
We first adopted mode 2 of the W-D synthesis code because the binary was reported as a detached system by Zasche et al. (2015) . Various modes were applied to check the possibility of the other Roche configurations but only the detached model was acceptable. In the procedure, the orbital eccentricity of the binary was remained zero within its error. The third-light was not considered because the calculated values were not physically meaningful in the run. The input effective temperature for the primary star was fixed to be T eff,1 = 6355 K from our spectral analyses. The gravity-darkening exponents and bolometric albedoes were assumed to be g 1,2 =0.32 and A 1,2 =0.5, respectively, which is suitable for stars with convective envelopes. The logarithmic bolometric (X, Y ) and monochromatic (x,y) limb-darkening coefficients were calculated from the values of Van Hamme (1993) . The inclination of the third body (i 3b ) was set to be identical to that of the binary (i) because they would have formed in the same gas cloud. The W-D syntheses were repeated until the correction for each parameter become smaller than its standard deviation computed from the differential correction (DC) program of the W-D. The final solutions are listed in Table 5 and the values with parenthesized errors signify the adjusted parameters. The primary and secondary stars were expressed with the subscripts 1 and 2, respectively. Our result indicates that the eclipsing binary consists of twin stars. The mass ratio was calculated to be q = 0.994, and the radii and effective temperatures of both components are almost same each other. Figs. 4 and 5 display the light and RV curves with fitted models, respectively.
Additionally, the third companion orbiting the eclipsing binary has a mass of m 3 = 0.75 M as calculated from the value of M 3 /(M 1 +M 2 ) = 0.2319, a period of 4.1 years, and a semi-major axis of 4.06 au. The tertiary mass is in good agreement with the mass from the mass function f (m 3 ) ∼ 0.026 for the third-body in previous eclipse timing studies (Gies et al. 2015; Zasche et al. 2015; Borkovits et al. 2016) . If the tertiary object is the main-sequence star, the object is a K3 type having T eff,3 ≈ 4700 K, and its contribution to the total light is calculated to be l 3 ∼ 2.5%. However, the third-light rates calculated with W-D synthesis code were not physically meaningful, and no spectroscopic features were detected in our spectra. The eclipse timing O − C diagram of V2281 Cyg is displayed in Figure 6 with our fit.
From our consistent light and RV solutions, the absolute dimensions for each component were calculated using the JKTABSDIM code (Southworth et al. 2005) and listed in Table 6 . The luminosity (L) and bolometric magnitude (M bol ) were computed by adopting T eff = 5780 K and M bol = +4.73 for solar values. The bolometric corrections (BCs) were calculated from the relation between log T eff and BC given by Torres (2010) . The synchronized rotational velocities of both components were calculated to be v 1,sync sini = 90 ± 1 km s −1 and v 2,sync sini = 90 ± 1 km s −1 , respectively. These were comparable to the measured rotational velocities within their errors in the previous section.
For distance determination to the system, we adopted interstellar reddening of E(B−V ) = 0.08 as derived from the difference between the intrinsic B − V color for the temperature (Flower 1996) and observed one. Then the distance was calculated to be 750±50 pc, in good agreement with 781±215 pc as calculated with the trigonometric parallax (1.28 ± 0.33 mas) from the Gaia DR1 (Gaia Collaboration et al. 2016).
Summary and Discussions
In this paper, we present the physical properties of the eclipsing binary V2281 Cyg from simultaneous analyses of new spectroscopic and multi-band photometric observations with the Kepler LC and eclipse timings. The effective temperatures of both component stars were determined to be T 1 = 6355 K and T 2 = 6284 K from our analyses. The RVs for each star were measured and the absolute parameters were derived from W-D syntheses of BV RK p LCs, RVs, and the minimum times. The masses and radii of the inner components were calculated to be M 1 = 1.61 ± 0.04 M and M 2 = 1.60 ± 0.04 M , R 1 = 1.94 ± 0.02 R and R 2 = 1.93 ± 0.02 R , respectively.
From our binary modeling results, the fill-out-factors (f = Ω in /Ω ) of both component stars indicate that V2281 Cyg is a detached eclipsing binary system which has no mass transfer between the stars. Therefore, we can estimate the evolutionary status and age of the system by comparing our accurate absolute properties with stellar evolutionary models. Using PARSEC evolutionary tracks (Bressan et al. 2012) , we tried to find the model satisfying our results. For the solar abundant evolutionary track of M = 1.6 M , both components of V2281 Cyg are located near the pre-mainsequence (PMS) stage, as shown in Figure 7 . However, the binary system could not be in the PMS stage because any emission features in the hydrogen lines were absent in our spectra and there is no star-forming region within 5 degrees. Thus, we could conclude that V2281 Cyg consists of two 1.6 M main-sequence stars of an age ≈ 1.5 Gyr and Z = 0.06. In Figure 7 , the black solid line represents the evolutionary track of M = 1.6 M and Z = 0.06, and three isochrones of age = 1.1, 1.5, and 1.9 Gyr are plotted with dashed lines. However, it seems that the higher abundant models are required for better agreement between models and observations. 1.61 ± 0.04 1.60 ± 0.04 Radius (R ) 1.94 ± 0.02 1.93 ± 0.02 log g (cgs)
4.07 ± 0.01 4.07 ± 0.01 log L (L ) 0.74 ± 0.06 0.72 ± 0.06 M bol (mag) 2.88 ± 0.12 2.92 ± 0.14 BC (mag) −0.01 −0.01
2.89 ± 0.12 2.93 ± 0.14 Distance (pc) 750 ± 50 (Bressan et al. 2012) . The primary and secondary components were displayed in blue and red dots with their errors, respectively. The black and green solid lines represent the evolutionary tracks of Z = 0.06 and Z = 0.017 (solar value) for M = 1.6 M , respectively. Three isochrones of age = 1.1, 1.5, and 1.9 Gyrs were displayed with different lines.
